Introduction
The use of AO type screws for reconstruction and osteosynthesis is widespread in orthopaedic and trauma surgery'. Accidental breakage of a 6.5 mm cancellous screw during operative treatment of a subcapital femoral fracture, prompted an analysis of a large series of the screws produced by the same manufacturer. This study has revealed an alarming variation from the manufacturer's stipulated dimensions in the core diameters of these screws. Consequently, the torsional mechanical failure of these implants is not constant, but related to the core diameter of the individual screw.
The clinical case which prompted this study occurred when a 16-year-old-boy sustained a displaced subcapital fracture of the right femoral neck as the result of a fall from a height of 15 feet ( Figure 1 ). Eight hours later, the fracture was reduced and internally fixed with cancellous screws. The third screw sheared at the junction of the thread and shank during its insertion. The shank was withdrawn but the threaded segment, being inaccessible, was left in situ within the femoral neck ( Figure 2 ). Following the insertion of another screw, the procedure was completed without further complication. At the conclusion of the operation it was noted that the core dimensions of these and other similar screws were not constant ( Figure 3 ), despite the fact that they had been supplied by the same manufacturer in factory presealed envelopes.
Methods and results
A total of 107 cancellous screws was examined from all the presealed packets available in the hospital. Factory specifications printed on the presealed packaging included overall length, threaded length and the outer diameter of the threaded segment (6.5 mm) of the screws. The core diameter was defined separately in the catalogue specifications as 3 mm, Dimensional analysis of the 107 screws using a Baty overhead optical projector revealed a wide variation in core diameters ranging from 1.94 to 3.12 mm, Figure 4 illustrates this wide distribution of core diameters represented in histogram form. Only 29% of the sample examined fell within the 3 mm specifications for the core diameters provided by the manufacturers, even allowing for a 0.05 mm variation.
Relationship of core diameter to mechanical stress failure Mechanical stress analysis indicates that if a shaft is acted upon by a pure torque about its polar axis, then shear stresses will be set up in directions perpendicular to the radius of all transverse sections.
It is therefore possible to calculate mathematically the influence of the core radius on the torque strain at the point of failure in these screws using the formula proposed by Roark and Young'':
indicates that the torque required to break a screw is proportional to the cube of its core radius. On this basis the smallest diameter screw in the sample will fracture with only 25% of the torsional force required to shear the screws with the correct core diameter.
Mechanical stress analysis
A stressing torque analysis of the screws was carried out to the point of fracture under laboratory conditions using a standardized torquemeter. Each of the 107 screws was individually subjected to a rotational force about its longitudinal axis, simulating the stress imposed on the screw during biological insertion, until metal failure occurred. The guidelines for these laboratory stress testing, as recommended by the International Organization for Standardization" were closely adhered to. The results showed a wide spectrum of torque strength end points, ranging from 1.4 N/m for the smallest to a maximum of 7.8 N/m for the largest core diameter screw, values which compared favourably with the mathematical predictions. A core diameter of2.95 mm in a stainless steel screw should correspond to a torque strength of not less than 6.15 N/m as quoted by the British Standards Institution', This was indeed found to be the case in the present studyI indicating accurate calibration of the torquemeter and standardized laboratory conditions.
Discussion
The presence of screws of different core diameters within factory presealed packaging presents an unnecessary risk of complications in this type of surgical procedure. It is alarming to discover that less than 30% of the screws examined fell within the manufacturer's own specifications. This is particularly significant since the reduction in maximum shear stress has been shown both mathematically and experimentally to vary according to the cube of the radius. A 30% reduction in the core diameter will result in a 70% reduction in the breaking torque of the screw.
Where t=failure stress of the material (or maximum shear stress), T= torque and r=radius. This formula Figure 5 . Graph illustrating the relationship of the core diameter to the yield torque for the 107 screws. A 3 millimetre core diameter corresponds to a 6.5 N/m torque strength At the time of this study the most recent publication from the British Standards Institution! provided specifications for cortical bone screws but no reference was made to cancellous screws. Detailed analysis for a stainless steel cortical screw with a core diameter of 2.95 mm indicates a torsional strength of not less than 6.15 N/m. The findings of the present study are in accordance with this analysis ( Figure 5 ), and support the manufacturer's specified core diameter of 3 mm. However, the wide variation in core diameters remains unacceptable. It is remarkable that these implants are marketed as quality controlled products when the difference in size of some of the screws was apparent to the naked eye (Figure 3) . The findings of this study have been made available to the manufacturers.
The International Organization for Standardization has published detailed recommendations for the dimensions of all types and size of screw, both cortical and cancellous'', For a 6.5 mm cancellous screw the recommended core diameter is 3 mm.
The British Standards Institution is at present in the process of updating its guidelines to include all surgical bone screws. Manufacturers will then be eligible to exhibit the BSI insignia as the guarantee of a quality controlled product. Until that time, careful scrutiny of this type of screw prior to biological insertion remains a wise precaution.
